Introduction
Thin films of platinum are used in many applications, for example as electrical contacts in semiconductor devices, as coatings for high temperature crucibles, as diffusion barrier metallization or as catalysts in chemical processes.
MOCVD is a well-established technique for preparing thin fin^ offering many advantages such as low deposition temperature, relatively simple equipment and high throwing power. For the MOCVD of platinum several volatile ~netalorganic compounds were investigated in the literature. One of them is Pt(acac)>, a reasonably priced, air-stable yellow powder, which is simple to handle. This is preferred in technical processes rather than other expensive, air and moisture sensitive precursor substances, for example Cyclopentadienyltrimethy1platinum [ 11. Fist Marboe [2] described the deposition of platinum using Pt(acac)z. Further studies were made by Rand [3] .
They found, that platinurn layers deposited from P t ( a c a~)~ contain carbon, which disqualifies them for microelectronical applications. After removing the carbon by oxidation, the platinum layers deposited from Pt(acac);! revealed no sufficient electrical conductivity. Cerarnics coated with platinum from Pt(acac)? are supposed to be used as catalysts, assuming that the codeposited carbon does not affect the catalytic activity. In this study we investigated the deposition of platinum on polycrystalline alu~nina in argon-and argonloxygenatmosphere.
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Supporting cerarnic materials used for catalysts in chernical processes are of various shapes, e.g. lorig tubes. Therefore the deposition kinetics must bc well known to optirnize the t1irr)wirig power of the CVD-process and prepare unifor~n platinum fibls on substrates with different geometries. So far no detailed investigation about the kinetics of evaporation and deposition of P t ( a c a~)~ has been published. The evaporation and deposition process were exanlined in a colnputerized ~nicrobalance systcln. which allows measuring the mass of evaporating precul-sor and deposited layer sini~~It;~neoi~sly.
Experinle~ltal
A schematic diagram of the rnicrobalance system is shown in Fig. 1 . Evaporation vessel and substrate were connected with ~mgnetic suspension balcuices. The balance signals were nionitored by a compure~, which also recorded all process readings as temperatures, total gas pressure :md flow rates. All gas flow rates were adjusted by mass flow controllers. The geollietry of the evaporator shown in Fig.2 was described earlier by Pulver et al. [4] . P t ( a c a~)~ was supplied by Degussa AG. Evaporation experiments were cxried out between T,, = 41 3 K a~d T,, = 453 K. Argon was used as carrier gas with a flow rate of 5 I~fh. T l~e reactor is depicted schematically in Fig.3 . The polycrystalline alumina substrates (20 111111 x 20 ninl x 0.5 11itn) were attached to the balance with a NiCr-wire (0 = 0.05 ~nm).
P .
1 lie deposition ternperature ranged from Tdep = 523 K to Tdcp= 733 K. The investigations were carried out in argon-atmosphere and iu.gon/oxygen-~~t~nosphere with pressure ranging from 250 Pa to 1OOO Pa. The total argon carrier gas flow was 9.5 IN/h. The deposition experinlents in xgonloxygenat~nosphere were made at a total gas pressure p,,,,:,] of 1000 Pa by adding oxygen through a nozzle 10 cm in front of tlie reactor (Fig.1) .
?'he oxygen flow rates were 0.12 lN/h and 0.3 1N/h corresponding to oxygen partial pressures p , , , 
Results and Discussion

Evaporation of Pt(acac)~
In Fig.4 the evaporation rates are plotted vs. the reciprocal temperature. The activation energy for evaporation was determined to be 113 f 5 kllmol. The evaporation rate is as expected proportional to the reciprocal total pressure 151. By raising the gas flow from 5 lN/h to 15 lNh the evaporation rate increased by approx. 6 %.
Deposition of Pt(acac)s in argonatmosphere
All deposition experiments were made with a total gas flow rate of 9.5 I&. The dependence of the deposition rate on Pt(aca~)~-partialpressure ( Fig.5 ) was examined in the kinetics controlled reginx at Tdep = 658 K (see Fig.6 ). The total gas pressures were 250 Pa, 500 Pa and 1000 Pa. The reaction kinetics is of first order and independent of the total pressure. For the following analysis the reduced deposition rate ired = Jdcdpll(ac;,c) was determined (jdep: deposition rate, p,,(;,,,: palid pressure of P t ( a c a~)~) .
The value iWd has the advantage, that it is independent of the partial pressure because of the linear concentration dependence (see Fig.5 ). The deposition kinetics of P t ( a c a~)~ on aiununa was investigated by increasing the temperature from Tdep = 653 K to Tdep = 723 K in steps of 5 K. The temperature dependence of the deposition rate is recor.ded in Fig.6 . Decreasing total gas pressure shifts the reduced deposition rates in thc diffusion controlled r c g i n~ to higher values l~c :~u s e the scducccl rate is proportional to l/plolal This relation results from the fact, that at constant mole-fraction the deposition in the diffusion controlled range is independent of the total pressure [6] . The activation energy was determined to be 204 + 9 k.i/nlol, independent of the total gas pressure.
In addition deposition experiments on platinum coated substrates were made. Our investigations have shown that the deposition rate on a precoated substrate depends on the preceding deposition temperature. After substrates were precoated with platinum at Tpre > Tdep, the deposition rate at Tdep was higher than the rates shown in Fig.6 . T o investigate this phenomenon, an alumina substrate was coated as described above (Fig.6 ). This means the final surface layer was deposited at Tpre = 723 K. Afterwards the deposition tenlperature was decreased in steps of 15 K to Tdep = 588 K. The reduced deposition rates are shown in Fig.7 . The activation energy for the decomposition reaction of Pt(acac)? was determined to be 56 _+ I kJ/mol. The deposition rate measured on a platinum precoated substrate at Tdep = const. depends on the thickness of the fin, which grows during the succeeding deposition process. At long deposition times the deposition rates always decreased to the values observed in Fig.6 . This is shown in Fig.8 . The deposition rate on a precoated substrate (Tpre = 723 K) was measured at Tdep= 653 K. The rates are plotted in Fig.8 vs. the deposition mass. The deposition rate remains constant until the deposited mass reaches a value of approx. 6 Ing (corresponding to 0.35 pm fhn thickness). Then the rate decreases continuously until the deposition rate reaches the value in Fig.6 . Because of this effect an experiment with a cyclic temperature sequence causes a hysteresis loop in the plot deposition rate vs. reciprocal temperature (Fig.9 ): Increasing temperature from Tdcp = 653 K to Tdcp = 723 K in steps of 10 &branch I in Fig.9 ). decreasing temperature from Tdep = 723 K to Tdep = 573 K in steps of 15 K (branch I1 in Fig.9 ), increasing temperature from Tdep = 573 K to Tdep = 723 K in steps of 15 K (branch 111 in Fig.9 ). Branch I of the plot corresponds to the normal Arrhenius plot depicted in Fig.6 and branch I1 corresponds to Fig.7 . The horizontal part of branch 111 resulted &om two conlrary effects:
The deposition rate decreases because of the reduced influence of the precoating at higher temperature ( Fig.8) and at the same time the deposition rate increases because of increasing temperature. This yields a branch with almost constant deposition rates. Before reaching branch I the influence of the precoating disappears.
To prove the influence of the precoating deposition temperature on succeeding deposition rates, an experiment was carried out with an alternating temperature sequence (Fig.10) . The temperature was increased in steps of 10 K fi-om Tdep = 653 K to Tdep = 723 K, with a measurement at Tdep = 653 K after each step. Fig.10 shows, that the deposition process was influenced by precoated platinum f h , if they were deposited at Tp, > Tdep. The deposition rates measured at a temperature of Tdep = 653 K (circles in Fig. 10 ) increased with increasing precoating temperature. Layers deposited at lower temperatures had no significant influence on the following deposition at higher temperatures. The rates symbolized with crosses in Fig. 10 correspond to Fig.6 . The last measurement at Tdep = 653 K (indicated by an arrow in Fig. 10 ) was recorded after a precoating at Tpre = 723 K. The observed rate corresponds to the rate depicted in Fig.7 . This shows, that at the given deposition conditions and temperatures between 653 K and 723 K only deposition rates between branch I and branch I1 (Fig.9) can be achieved.
Deposition of Pt(a~ac)~ in argonloxygen-atmosphere
The deposition of platinum from Pt(acac)l was exanlined by adding oxygen during the deposition process to yield carbon free platinum films. Before the deposition started, we observed a delay time, in which the mass of the substrate did not increase. This phenomenon has already been described by Xue et al. [8] , who called this delay "induction period". Its duration depends on the deposition temperature. Observed values for the "induction period were 20 minutes at Tdcp = 598 K or 12 minutes at Tdep = 623 K. After the "induction period" the deposition rate was constant and independent of deposition temperature (Fig. 11) . The lower limit for the deposition temperature was given by the temperature of the pipe connecting evaporator and deposition reactor. No activation energy could be ~masured.
Film characterization
Samples were prepared in argon-atmosphere at a total gas pressure of 1000 Pa and temperatures of Tdrp = 653 K, Tdcl,= 673 K, = 703 K :ulcl 713 K. Additionally one subst~.atc coatctl at all oxygen partial pressurc of29 Pa was studied. The color of the platinum layers coated in argon-;tt~nosphere varied rrom silver-grey (T,l,p = 653 K) to black (Tdc,,= 723 K). The fil111s p~r p~~d in argordoxygc~~-atr~~os[?llere were always silver-colo~rtl.
Filr~l conjposition
. .
l hc compositio~i of the platinum fil~ns W;IS ex:u~~ined with WDX-a~lalysis. The films dcposited in ar-gon. a[mospliese consisted of platinum and carbon. The relative alnount of c:u-hn i~lclrased with increasillg deposition temperature. The platinum layer cleposited by arltling oxygen contained no carbon. Table I shows tile count rates of the WDX-detector.
To deterniie the absolute a~noilnt of c;irlx)n contamination the carbon was completely rernovcd with an oxidizing flanx and the weight decrease was measured. The molar ratio between clubon and platinum w;ls among 1.9: 1 at Tdcp = 653 K and 2.4: 1 at TcIcl, =723 K. The large amount of carbon corresponds ro the results reported by Goto et al. [7] or Rand [3] . Table 1 . WDX analysis of platinum coated aluiiilia substrates T~~~ atmosphere intensity PL intensity C Pt-counts/ C-co~lnls
Surface texture
The platinurn iilms prepared in argon-at~nosphere were studied with SEM and AFM. 
Co~~clusior~
The evaporation and deposition of P t ( a c a~)~ have been investigated. The activation energy for evaporation was deler~nined to be 1 13 + 5 kJ/mol.
Tlie deco~iiposiiio~l reaction o l P t ( a~a c )~ was strongly influenced by the pretreatn~nt of the substrates. In argonntnlosl,l~ere we obtained an activation energy of 204 + 9 kJlrllo1 by starting deposition at low temperatures. Additionally, we yielded an activation energy of 56 + 1 klln~ol for deposition on a platinum covered substrate precoated at TP,,= 723 K, which demonstrates the strong influence of the substrate. Our investigations showed tk~t only platijium layers deposited at temperatures Tp,, > T,lcp influence the deposition process. This effect tlisal~pea~cd, if a psecoated s~~bstrate was coated at TcICp= const. for a long deposition time. Further research is req~lil-cd in 01-der to explain this effect. 111 iu.go~ltoxygen-atrrlospliere no activation energy could be me;isured. The platinum layers prepared in argon Iiad a high amount ofculx)n contanii~latio~~. Adding oxygen during the deposition yielded carbon free platinurn I;lycl~s.
